Circular dichroiam (CD) and UV absorption data showed that poly[d(G-C)] (at 0.09M NaCl, 0.01M Na + (phosphate), 20*C) underwent two conformational transitions upon lowering of the pH by the addition of HC1. The first transition was complete at about pH 3.0. The second transition was complete upon lowering the pH to 2.6 or upon raising the teaperature, at pH 3.0, to about 40'C. There was no indication of denaturatlon during either transition. The CD spectrun for the second acid conformation had large CD bands including a positive one at 288nm, a characteristic associated with C'C 1
For polymers containing G-C base-pairs, acidification can introduce a number of possible rearrangements of base-pairing. Poly[d(G)-d(C)] dlsproportionates to give poly[d(G)] and poly[d(C)] acid self-complexes.*iH Various models have been proposed to explain the increased sensitivity of poly[d(T-C)»d(G-
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indicated that two distinct forms of the polymer were present in the pH range 7.0 to 3.7. Below pH 3.7, the CD spectra showed the appearance of a small negative band at longer wavelengths (30O-31Onm) and the formation of a distinct CD band at 288nm. The UV absorption data ( Figure 4 ) corresponding to these CD spectral changes showed hypochromlclty at 256nm and hyperchromicity above 275nm. The maximum hypochromicity at 256nm and the maximum magnitudes of the CD bands at 22Onm and 256nm were observed at pH 3.0. Since the spectral changes throughout the pH range 7.0 to 3.0 were only slightly different above and below pH 3.7, we considered there to be only one major conformational transition over this pH range, although there were Indications (such as the appearance of the small 288nm CD band) that more than two forms of the polymer may have been present between pH 3.7 and 3.0.
Our spectral data indicated that a second major acid transition occurred between pH 3.0 and pH 2.6. The CD spectral changes for this transition were characterized by the appearance of large positive and negative CD bands at 288 and 266nm, respectively ( Figure 3 ). There was also a reversal of the sign of the CD bands at 242 and 218nm. Isodichroic points were observed at 278, 250, and 232nm, making it likely that there was only one transition in this pH range. The UV absorption spectra ( Figure 4 ) over this small pH range showed increasing hyperchromlcity between 320 and 210nm, compared with the spectrum at pH 3.0, but the UV absorbance at 256nm of the form at pH 2.6 was still less than the absorbance of the form at neutral pH.
None of the UV absorption or CD spectra obtained during either acid transition matched the UV absorption or CD spectrum of the denatured form at neutral pH (data not shown) or at low pH ( Figures 3 and 4) .
The second spectral transition could also be Induced by raising the temperature at pH 3.0 and was complete at about 42*C ( Figure 5 ); spectra taken in the range 42-50*C showed no significant changes. The UV absorption and CD spectra at the end of this temperature-Induced second acid transition remained unchanged upon lowering the temperature to 20*C, even after several days. The structure at the end of the second transition showed evidence of melting when heated above 50*C (pH 3.0 and 0.1M Na + ). When the polymer at pH 3.3 was heated, no changes were observed in the UV absorption or CD spectra up to 45*C (data not shown). Above 45*C, the latter sample showed spectral changes characteristic of melting. The second spectral transition also occurred for samples of poly[d(G-C)] at pH 3.0 that were held at 20"C for several hours (data not shown). The UV absorption and CD spectra of (data not shown).
Both of the acid-Induced transitions were largely reversed upon back titration with NaOH. Taking the magnitude of the 251nm CD band as an indication of how much of the polymer reverted to its starting conformation (at pH 7), we estimated that it was over 80% reversed. However, there was hysteresis in the optical properties over the pH range of the second transition (inset, Figure 2) . Thus, the pKa values for the second transition differed by about 0.6 pH unit during the acid and alkali titrations.
When an acid titration was carried out with poly
the concentration usually used), the CD spectra during the two transitions were qualitatively the same as seen at higher concentrations (data not shown). However, the magnitude of the spectra during the second transition was 1/3 to 1/2 that seen with the polymer at the usual concentration, Indicating that the second transition was dependent on the polymer concentration.
Electron Microscopy of PolvrdCG-CI1 at Low pH Proton-Uptake ETTPPrlPients with PolvfdCG-01
The number of protons taken up per nucleotide was determined as described In Materials and Methods. There was no detectable uptake of protons
2.00 showed that the first acid transition (ending at about pH 3.0) was a broad one, occurring over a range of more than two pH units. The CD changes and the proton-uptake paralleled each other throughout nost of the pH range form 7 to 3.0, although there was sone deviation below pH 3.7 ( Figure 6 ). Thus, protons were taken up gradually during the course of the first structural transition. Although the CD bands decreased in magnitude during this transition, the CD spectra increased In complexity, having five crossover points above 200nm at pH 3.0 (Figure 2 ). The UV absorption decreased In the region of A max upon acid titration down to pH 3.0, indicating that there was little or no unstacking of bases or strand separation. The first transition was also Independent of the concentration of the polymer, suggesting that this transition did not involve strand-rearrangements or the formation of aggregates.
On the basis of these data, it appeared that the protons were taken up by the polymer without strand separation. Protonation of the cytosines would disrupt the normal Watson-Crick G>C base-pairs, however. Three possible arrangements for protonated G^C 
